Background: Food frequency questionnaires (FFQs) have been developed and validated for various populations. To our knowledge, however, no FFQ has been validated for young athletes. Here, we investigated whether an FFQ that was developed and validated to estimate dietary intake in middle-aged persons was also valid for estimating that in young athletes. Methods: We applied an FFQ that had been developed for the Japan Public Health Center-based Prospective Cohort Study with modification to the duration of recollection. A total of 156 participants (92 males) completed the FFQ and a 3-day non-consecutive 24-hour dietary recall (24hDR). Validity of the mean estimates was evaluated by calculating the percentage differences between the 24hDR and FFQ. Ranking estimation was validated using Spearman's correlation coefficient (CC), and the degree of miscategorization was determined by joint classification. Results: The FFQ underestimated energy intake by approximately 10% for both males and females. For 35 nutrients, the median (range) deattenuated CC was 0.30 (0.10 to 0.57) for males and 0.32 (−0.08 to 0.62) for females. For 19 food groups, the median (range) deattenuated CC was 0.32 (0.17 to 0.72) for males and 0.34 (−0.11 to 0.58) for females. For both nutrient and food group intakes, cross-classification analysis indicated extreme miscategorization rates of 3% to 5%. Conclusions: An FFQ developed and validated for middle-aged persons had comparable validity among young athletes. This FFQ might be useful for assessing habitual dietary intake in collegiate athletes, especially for calcium, vitamin C, vegetables, fruits, and milk and dairy products.
INTRODUCTION
Adequate dietary intake is an important factor in the ability of athletes to maintain an optimum physical condition and train effectively. The International Olympic Committee released a statement on sports nutrition in 2010 1 and nutritional intake guidelines for athletes [2] [3] [4] [5] [6] in 2011. Despite the global availability of these guidelines, however, discussion in Japan on the establishment of a survey to easily and rapidly assess the dietary intake of athletes has been insufficient.
Common dietary survey methods include the dietary record method (DRM), 24-hour dietary recall (24hDR), 7 and the food frequency questionnaire (FFQ). 8 When conducting a dietary survey, the strengths and weaknesses of each survey method should be considered to ensure that the most appropriate one is selected. Although the DRM and 24hDR are commonly used as reference methods, they place a large burden on participants, and calculating dietary intake is expensive in terms of labor, time, and cost. In contrast, FFQs are a simple and inexpensive method that places minimal burden on participants.
Although athletes require rapid feedback, the number of dieticians available to meet this demand is limited. We therefore consider the FFQ to be a candidate survey method for assessment of the habitual dietary intake of athletes.
Although FFQs have been developed and validated for various populations in Japan, 10 we are unaware of the validation of any FFQ for athletes.
Here, we investigated whether an FFQ that was developed and validated to estimate the dietary intake of middle-aged persons was also valid in estimating the intake of young athletes.
METHODS Participants
Participants were 171 college students belonging to the soccer, basketball, track and field, handball, tennis, judo, or volleyball sports clubs of various universities around the Tokyo metropolitan area. Prior to the study, the purpose and methodology of the study were explained orally and in writing to the participants, and written consent was obtained. The study was conducted following approval from the Ethics Committee of the Tokyo University of Agriculture (Approval No. 1124) and the Ethics Committee of Juntendo University Graduate School of Health and Sports Science (No. .
Study design
The study was conducted for approximately 2 months between the end of August and the beginning of October 2013. The study design is shown in Figure 1 . Initially, the 24hDRs were conducted on three weekdays, with an interval of approximately 1 week between each. After completion of the third 24hDR, a dietary survey was then immediately conducted using the FFQ.
FFQ
Following an explanation of how to complete the selfadministered FFQ, participants were assembled together and asked to complete the FFQ themselves. During selfadministration, participants were shown pictures of food items listed in the FFQ using a projector as a guide to help them estimate their approximate food intake. After completion, a registered dietitian reviewed the records for completeness and accuracy.
The FFQ was developed for a middle-aged population in the Japan Public Health Center-based Prospective Cohort Study and contained 138 food and 20 beverage items and 14 questions regarding seasonings. 11 The FFQ included questions for each food item regarding the frequency of consumption and portion size for each food item. Frequency was selected from a 9-level scale, which ranged from 'less than once per month' to '7 times or more per day'. Portion size was selected from a 3-level scale, as follows: 'smaller than a standard portion size (≤0.5 times)', 'same as a standard portion size', or 'larger than the standard portion size (>1.5 times)'. For beverages, frequency was selected from a 9-level scale, which ranged from 'less than once a week' to '10 drinks or more everyday', and portion size was not queried. In the present study, the duration of recollection of the FFQ 11 was modified from 1 year to 1 month.
In accordance with the original FFQ, we used the Standard Tables of Food Composition in the Japan Fifth Revised and Enlarged Edition (Food Composition Table) 12 to calculate the intake of energy and nutrients. In calculating the intakes of certain food groups, ice cream was listed as a confectionery to emphasize the perspective of dietary education. Ice cream is categorized in 'milk and dairy products' in the original FFQ but is listed under 'confectioneries' in the 'Japanese Food Guide Spinning Top' developed by the Japanese government. 13 Ice cream has consistently ranked as the second most frequently consumed food among 'confectioneries' consumed by female collegiate athletes. 14 24hDR Participant interviews were conducted in person by registered dietitians or by well-trained university students enrolled in a registered dietitian and nutritionist course. The participants were asked to recall all foods and beverages consumed within the last 24 hours, as well as their activities during that period. Prior to the survey, all personnel received training for conducting interviews using standardized recall tools. Based on the multiple-pass interview technique, [15] [16] [17] the procedure for recall was divided into four steps. In step 1, participants were asked to recall the situations, time, and details of any food or beverages consumed, along with details of their daily activities. In step 2, participants were asked whether the food and beverages consumed were prepared at home (homemade food), prepared at a restaurant (dine-out food), or bought at a supermarket or convenience store (take-out food). For homemade food, ingredients were documented in detail. For dine-out food, the food and beverage items consumed and the name of the restaurant and of the dish as written in the menu were recorded. For take-out food, in addition to the consumed food and beverage items, the name of the dish or product along with those of the manufacturer and retailer were recorded. In step 3, the weight of the food was documented. In step 4, based on the name of the dish and preparation method, the interviewers re-checked whether food items that were possibly forgotten were included in the meals, with particular focus on preparation methods and seasonings (eg, whether butter or margarine was used on toast or not) and details of each food category (eg, regular or low-fat milk). The amount of intake for each food item was also recorded. Finally, a registered dietitian checked the forms to ensure that they had been completed with no missing information. 24hDR interviews lasted an average of 32 min per person. From the completed 24hDR, the intakes of energy, nutrients, and food groups consumed each day were calculated using Excel Eiyokun Version 6.0 (Kenpakusha, Tokyo, Japan), which is based on the Food Composition Table. 12 Nutrient intakes from supplements were not included in these calculations. For dine-out and take-out foods, the name and weight of each food item was determined using the product label and food photography along with the 24hDR data. When details were unclear, the manufacturer was contacted directly for clarification. Food groups were categorized according to the FFQ. Once the survey was completed, the results of the analysis of the 24hDR were returned to the participants along with comments from the registered dietitian.
Statistical analysis
Statistical analysis was performed for the 156 participants (92 males) who fully completed the 3-day 24hDR and FFQ. The mean of the three 24hDRs was used to obtain a reference level of food intake.
The ranking validity of the FFQ was examined by calculating Spearman's rank correlation coefficient (CC) between the 24hDR and FFQ. CCs were calculated for both the raw and energy-adjusted intake data. For energy adjustment by the residual method, the raw data were converted logarithmically. As CCs for 24hDRs and FFQs are affected and attenuated by the fluctuations of daily intake, a number of studies have used Rosner et al's 18 method of statistical correction of CC. 11, 19, 20 The ratio between inter-and intra-individual variance in 24hDR was therefore calculated and applied to equation (1) to correct the CC, as follows:
where en-CC x denotes the CC of energy-adjusted nutrient x, λ x denotes the ratio of inter-individual variance to the intraindividual variance for 24hDR, and n denotes the number of surveyed recalls (n = 3 in the present study) for 24hDR. A review of FFQ validity studies targeting Japanese populations established validity at the following levels: high validity (median CC ≥0.6), moderate validity (0.40-0.59), fair validity (0.30-0.39), and poor validity (<0.3). 10 Based on these previous findings, items with CCs that exceeded 0.3 were considered to exhibit ranking validity in the present study. To assess the validity of categorization, the energy-adjusted intake from the 24hDR and FFQ was divided into quintiles, and the percentages of participants classified into the same, same or adjacent, and completely opposite categories were calculated by the joint classification method ( Figure 2 ).
The difference in mean values between the 24hDR and FFQ was calculated as a percentage from the following equation (2):
Values were expressed as either the mean value (standard deviation), median (range), or as the number of people (%). All statistical analyses were done using IBM SPSS Statistics ver. 22 (IBM Japan, Ltd., Tokyo, Japan).
RESULTS

Characteristics of study population
The study population and their affiliated sports clubs are characterized in Table 1 . Of the total study population, more than 80% lived either in dormitories or alone, and 20% lived with their families. 
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Validity of mean intake and FFQ The data for nutrient intake are shown in Table 2 . Differences of −9% in males and −10% in females were observed for energy intake, and the majority of nutrients were within a ±20% range in both males and females. The largest difference observed was for retinol, at 77% for males and 32% for females. For crude CCs, the median CC was 0.29 for males (from 0.14 for water-soluble dietary fiber to 0.43 for calcium) and 0.36 for females (from 0.15 for polyunsaturated fatty acids to 0.55 for folic acid). The median energy-adjusted CC was 0.27 (from 0.10 for zinc to 0.53 for calcium) for males and 0.29 for females (from −0.08 for total fat to 0.56 for vitamin K). The median deattenuated CC was 0.30 (from 0.10 for zinc to 0.57 for calcium) for males and 0.32 for females (from −0.08 for total fat to 0.62 for vitamin K).
Intake data for each food group are shown in Table 3 . Lower percentage differences in both males and females were observed for the following food items: 'cereals' (1% in males and 10% in females), 'vegetables' (9% in males and 4% in females), and 'fungi' (5% in males and 9% in females). Larger differences in both males and females were observed for the following food items: 'sugar' (−94% in males and −96% in females), 'beverages' (−45% in males and −54% in females), and 'seasonings and spices' (−65% in males and −72% in females). Regarding crude CCs, the median CC was 0.33 for males (from 0.04 in 'sugar' to 0.57 in 'milk and dairy products') and 0.34 for females (from −0.01 in 'sugar' to 0.59 in 'milk and dairy products'). The median energy-adjusted CC was 0.30 (from 0.16 for 'sugar' to 0.67 for 'milk and dairy products') for males and 0.31 (from −0.10 in 'sugar' to 0.56 Deattenuated CC x = observed CC x * SQRT (1 + λ x /n), where λ x is the ratio of within-to between-individual variance for nutrient x, and n is number of 24hDR; observed CCs were based on energy-adjusted values except for energy intake; in 'milk and dairy products') for females. The median deattenuated CC was 0.32 for males (from 0.17 for 'sugar' to 0.72 for 'milk and dairy products') and 0.34 for females (from −0.11 for 'sugar' to 0.58 for 'milk and dairy products'). Table 4 shows the degree of coincidence for nutrient intakes. Median percentages were 26% for males and 28% for females for the 'same category', 61% for males and 63% for females for the 'same or adjacent category', and 3% for males and 5% for females for the 'completely opposite category'. Table 5 shows the degree of coincidence of food group intake. Median percentages were 25% for males and 28% for females for the 'same category', 65% for males and 64% for females for the 'same or adjacent category', and 3% for both males and females for the 'completely opposite category'.
DISCUSSION
In this study, we found that an FFQ developed and validated to estimate the food intake of middle-aged persons had comparable validity for young athletes. Although the median CCs were generally lower than those in a previous study, 11 this FFQ might be a useful tool for assessing the habitual dietary intake of specific nutrients and food groups by collegiate athletes.
Consistent with the findings of Takachi et al, 11 we found that under-and overestimation of food group intakes was more prevalent than that of nutrient intakes. Under-and overestimation was notably observed in both males and females for 'sugar', 'seasonings and spices', and 'beverages'. Takachi et al 11 also reported an 80% underestimation in 'sugar' and 'seasonings and spices'. In the FFQ, questions regarding the estimation of 'sugar' referred only to sugar for coffee and tea; cooking sugar was not considered in the intake level. The intake of 'seasonings and spices' was calculated by adding the intake of specific seasonings (eg, salad dressing) and the estimated amount of cooking salt. In Japan, flavoring with sauces, such as soy sauce, is very common. A possible explanation for the underestimation of 'sugar' and 'seasonings and spices' might therefore be the lack of related food items, such as soy sauce. Although Takachi et al 11 reported that beverages tended to be overestimated, our data show that they were underestimated by approximately 50%. During training, athletes frequently drink liquids to replace fluids. However, most of the portion sizes are fixed as small tea cups (120 mL per cup). In addition, sports drinks were not listed in the FFQ food items, which might have also affected the results. To understand the beverage intake of athletes, portion sizes need to be revised, and sports drinks commonly consumed by athletes need to be added to the list of beverage items.
In the present study, the degree of coincidence among quintile categories was comparable to that reported by Takachi et al. 11 Based on these findings, we consider this FFQ to be Deattenuated CC x = observed CC x * SQRT (1 + λ x /n), where λ x is the ratio of within-to between-individual variance for nutrient x, and n is number of 24hDR; observed CCs were based on energy-adjusted values except for energy intake; suitable for categorizing individual nutrient and food group intakes in collegiate athletes. In both males and females, CCs exceeded 0.4 for the nutrients calcium and vitamin C and for the food groups of vegetables, fruits, and milk and dairy products. The relationship between these nutrients and food groups and the condition of athletes is currently being studied. [21] [22] [23] [24] [25] Therefore, this FFQ might be useful in epidemiology studies that aim to identify a relationship between food intake and the condition of athletes. However, as total fat intake demonstrated markedly lower ranking validity in both males and females than in previous studies, results for total fat intake using this FFQ in intake and outcome-related epidemiology studies must be interpreted with caution. In 19 studies examining the validity of FFQs, the median CC for total fat intake was 0.46. 10 In the present study, however, the CC for total fat intake was 0.18 for males and 0.22 for females. When an investigation was conducted to identify the food groups that affected total fat, the intake of food groups of 'meats' and 'fats and oils' were strongly associated with total fat intake (data not shown). These results might have been affected by measurement errors of these food groups by the FFQ, 24hDR, or both. Further, given that energy intake was calculated from the intakes of carbohydrates, proteins, and fats in the present study, the CC of energy intake was lower than in the previous study 11 (markedly so in males). Errors in estimating the intake of 'meat' and 'fats and oils' might therefore also affect the CC of energy intake. Given that both the intake of 'meat' and of 'fats and oils' assessed by the FFQ were lower than those of the 24hDR, their portion sizes should be increased. In addition, given that the intake of 'meat' in the FFQ was estimated based on the type of meat and cooking pattern, the reduction in estimation errors and optimization of CCs for questions related to this intake might be effective. Similarly in females, CC of total fat declined from 0.22 to −0.08 after energyadjustment. Although median CC typically increases when adjusted for energy intake, this is not necessarily the case for macronutrients. 11, [26] [27] [28] [29] [30] In other words, the decrease in CC after adjustment for energy, particularly in females, was likely due to either or both the FFQ or 24hDR's larger measurement errors in energy intake than in total fat intake. 28 Optimizing the estimation of the intake of 'meat' and 'fats and oils' is therefore also important for the accurate estimation of energy intake in females.
In the present study, we used a validated 24hDR to estimate the energy intake of collegiate athletes. Many validity studies of FFQs in Japan use a weighed DRM as a reference method. 10 However, the weighed DRM increases the burden placed on participants, and measuring contents and amounts of dine-out or take-out food is difficult. Therefore, 24hDR has been used as a reference method in many studies, such as the National Nutrition Survey conducted by the United States Department of Agriculture, large-scale epidemiological studies of disease and diet, 15, 16 and studies targeting children, whose diets are difficult to record. 17, 19 The participants of the present study were college students, of whom more than 80% prepare their own meals. Considering the likelihood that participants frequently dined out or consumed take-out food, we used the 24hDR to lighten the burden on them. Six studies [31] [32] [33] [34] [35] [36] that compared energy intakes estimated from 24hDR and DRM reported that 24hDR tended to underestimate intake. In DRM studies in athletes, mean (standard deviation) energy intake was 2940 (556) kcal in male collegiate athletes by a weighed DRM 37 and 1989 (466) kcal in female collegiate athletes by a DRM with food photographs. 38 Mean energy intake from our present 24hDR was similar to intake in these previous studies, indicating that 24hDR is a valid method for assessing dietary intake in collegiate athletes.
Several limitations to the present study warrant mention. First, participants were not selected at random, potentially introducing selection bias. Second, as a dietary survey by FFQ could not be conducted prior to the first 24hDR, the reproducibility of the FFQ could not be assessed. Therefore, the FFQ still requires further investigation for validation of long-term intake, as was performed in the previous study. 11 In addition, as the FFQ data were collected immediately after the third 24hDR, FFQ validation might have been overestimated due to information bias. Third, we used 24hDR as a reference method. Both 24hDRs and FFQs are prone to measurement error associated with recall bias and awareness of portion size. Errors associated with these methods are therefore not mutually independent, and the CCs might have been overestimated. 39 However, we used the multiple-pass interview technique for 24hDRs to minimize measurement errors. Fourth, as our study was limited to a certain time period, it is not certain whether the FFQ captured seasonal and periodical changes in meals. However, FFQs are suitable for assessing habitual intake, and a DRM or 24hDR might be more suitable when the food environment drastically changes within a short time frame, such as immediately before games or during training camps.
Conclusions
The validity of this FFQ in young athletes is comparable to that in middle-aged populations, for which it was originally developed. This FFQ might therefore be a useful tool for assessing habitual dietary intake in collegiate athletes, especially for the nutrients calcium and vitamin C and for the food groups of vegetables, fruits, and milk and dairy products. However, an FFQ with added or modified questions, particularly for sports drinks, meat, and fats and oils, may be more suitable for estimating dietary intake in collegiate athletes.
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